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ABSTRACT 
 
 
 
 
This study examined the self-efficacy beliefs, attitudes towards general chemistry, 
and intentions to take future chemistry courses in a sample of (n = 1,126) first-time, first-
year freshmen from a large comprehensive university in the Mid-South.  The main 
purpose of the study was to determine the amount of variance in students’ intentions 
which could be predicted by self-efficacy, attitudes, and other known influences (past 
performance, past experience and choice of major). Findings from a standard multiple 
regression indicate that self-efficacy (β = 0.07, p < .05) and attitude (β = 0.50, p < .001) 
are both significant and predict 29.3% of the variance in intentions, with attitudes making 
a larger unique contribution. Using a hierarchical regression to control for other known 
factors, self-efficacy and attitudes were still able to predict 23.5% of the variance in 
intentions. Overall, the five independent variables were able to predict 31.7% of the 
variance in intentions. Implications for secondary and postsecondary science educators 
and STEM administrators are discussed. 
 
 
 
 
 
 
Keywords: Chemistry education, Self-efficacy, Attitudes, Intentions, STEM retention, 
Motivation 
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CHAPTER 1 
 
 
INTRODUCTION 
 
 
One of the largest questions in education over the past twenty years has been 
“How do we increase the number of students enrolling in STEM disciplines?” (e.g., 
Business-Higher Education Forum, 2010; Dalgety & Coll, 2006; Luzzo, Hasper Albert, 
Bibby, & Martinelli, 1999; Powell, 1989).  Although postsecondary enrollment has been 
increasing, the number of students enrolling in STEM (Science, Technology, 
Engineering, and Mathematics) disciplines has been steadily declining (United States 
Government Accountability Office, 2006).  The National Center for Education Statistics 
(2009) reported that in 2001, about 2.7 million students graduated from high school and 
in the same year almost 1.7 million students enrolled in either a two- or four-year college. 
According to the National Science Board (2010), of these 1.7 million students, only 
233,000 students graduated with a bachelor’s degree in a STEM discipline after six years.  
Over the past five years only 15.6 percent of awarded bachelor’s degrees in the 
United States were in the STEM disciplines. This statistic is a serious concern when we 
compare it to the fact that China awarded 46.7 percent of their bachelor degrees to STEM 
disciplines; South Korea awarded 37.8 percent and Germany awarded 28.1 percent 
(Business-Higher Education Forum, 2010). These statistics are no surprise when you 
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consider that K-12 students in the United States perform poorly on international math and 
science tests causing the U.S. to be classified as “statistically below average” compared 
to students in 57 countries (Wood & Associates, 2008-09). 
So why are students unmotivated to choose a STEM discipline? Many researchers 
in the field of motivation have been seeking this answer and more. Two constructs that 
appear to impact students’ intended career choices are attitude (Ajzen, 1991; Mahoney, 
2010; Maltese & Tai, 2011; Ware & Lee, 1988) and self-efficacy (Andrew, 1998; 
Bandura, 1997; Lent, Brown & Hackett, 1994; Mau, 2003). When people are not 
interested in a domain, they typically do not continue to pursue that specific domain 
(Ajzen, 1991). Likewise, when a person perceives that they are not adequate in a 
particular skill set, they typically do not continue to do activities that require that skill set 
(Bandura, 1997; Zimmerman, 1995). These two principles can be applied to choosing to 
pursue a degree in a STEM discipline; if a student is not interested in a STEM profession 
and/or the student perceives him or herself as lacking the skills necessary to perform well 
in a STEM profession, then the student is likely to abstain from pursuing a STEM degree.  
Students who wish to pursue STEM careers in physics, biology, environmental 
science, medicine, engineering, pharmacy, etc. must have a working knowledge of 
college-level general chemistry. The term “chemistry” can encompass all types of 
chemistry at all levels, whereas “general chemistry” is often used to describe the 
introductory level chemistry course either in a secondary or postsecondary environment. 
General chemistry is a complex and challenging course, but the skills and knowledge 
learned in that course are essential and mandatory for almost every STEM discipline 
(Luzzo et al., 1999). At the college level, a general chemistry course often consists of 
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freshmen and sophomores who are completing the course as a pre-requisite for some 
further study of science, technology or engineering. 
  First-time, first-year college freshmen are an ideal population to study because of 
their situation. They have previous experiences in science or math, they are roughly 
similar in their chemistry background (i.e., taking courses offered at the high school and 
AP levels), they are beginning their college career which in turn reflects their final career 
choice, and they are early enough in their academic pursuits where they can change 
majors easily with little consequence. In fact, in the Cooperative Institutional Research 
Program’s  (CIRP) Freshman Survey of  203,967 first-time, full-time students across the 
United States, 13.6% reported that there was a “very good chance” that they would 
change majors, while 14.2% were still undecided in their choice of major (Pryor, 
DeAngelo, Blake, Hurtado, & Tran, 2011). In fact, Daempfle (2002) suggests that the 
first year of college is particularly important because 35 percent of STEM majors switch 
after their first year (as cited in Business-Higher Education Forum, 2010). Therefore, the 
purpose of this study is to examine how first-time, first-year college freshmen students’ 
perceived skills (self-efficacy) in chemistry and liking of chemistry (attitudes) affects 
their willingness to enroll in future chemistry courses (intentions). These motivational 
factors are important to study in order to help repair the STEM shortage. 
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CHAPTER 2 
 
 
LITERATURE REVIEW 
 
 
Self-Efficacy 
Self-efficacy refers to a person’s belief about his or her capabilities on a specific 
task (Bandura, 1997). Research has shown that students with a higher self-efficacy 
typically choose more challenging tasks and persist longer on challenging tasks than 
students with lower self-efficacy (Bandura, 1997; Bandura & Schunk, 1981; Dalgety, 
Coll, & Jones, 2003; Lent, Brown & Larkin, 1984). Likewise, students with a high self-
efficacy will show more effort when pursuing a challenging task and will generally 
perform higher on that given task than students with low self-efficacy (Bandura, 1997; 
Crippen & Earl, 2007).   
In the current context, general chemistry self-efficacy refers to a student’s belief 
that he or she is capable of successfully performing tasks affiliated with general 
chemistry content (e.g. using Hess’ Law or correctly applying chemical nomenclature). 
The operational definition of general chemistry self-efficacy in this study, however, does 
not include a person’s belief in his or her capability to be successful in a chemistry 
laboratory which has been included in prior conceptions of chemistry self-efficacy 
(Aydin & Uzuntiryaki, 2009; Dalgety et al., 2003; Kurbanoğlu & Akin, 2010; 
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Uzuntiryaki & Aydin, 2009). The laboratory component was omitted in this study to 
maintain parsimony. Laboratory experiences at the secondary and postsecondary levels 
tend to vary in terms of quantity and quality and we wanted an operational definition that 
would be applicable to both levels of study regardless of the varying laboratory 
experiences. Unfortunately, research on self-efficacy for general chemistry is sparse due 
to measurement limitations; however there is some research that suggests that self-
efficacy for chemistry (content plus lab) is positively related to students’ chemistry 
grades (Zusho, Pintrinch, & Coppolla, 2003) and attitudes towards chemistry, and is 
negatively related to chemistry laboratory anxiety (Kurbanoğlu & Akin, 2010). 
Therefore, self-efficacy is an important motivational variable that has been shown to 
influence cognitive and behavioral choices. 
Self-efficacy is influenced by four factors: past experiences, vicarious 
experiences, verbal persuasion, and psychological state (Bandura, 1997). Past 
experiences are considered the greatest factor impacting self-efficacy beliefs because 
individuals gain important competence-related feedback from direct participation in a 
specific task. This feedback influences one’s belief in his/her capabilities and 
expectations for future success or failure (Bandura, 1997). Vicarious experiences occur 
when a person compares themselves to others and observes others’ successes or failures 
on a particular task. If a person sees someone who they deem to be similar in ability and 
intelligence fail at a task, then his/her self-efficacy will likely decrease. Another way self-
efficacy can increase is if a person performs above his/her peers on a task. Verbal 
persuasion, such as a teacher providing encouragement to a student, can have a positive 
or negative effect on self-efficacy; however, it is limited in its effectiveness. Finally, 
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psychological states such as anxiety, stress, mood or emotional level can affect self-
efficacy (Bandura, 1997; Bayraktar, 2011). Consistent with the theory, Dalgety and Coll 
(2006) found that past experiences contributed to students’ self-efficacy for chemistry 
tasks; therefore, students’ postsecondary experience was greatly impacted by their 
secondary chemistry experiences. In addition, chemistry self-efficacy increased as 
students had success early in their postsecondary chemistry course. Since past 
experiences are the greatest contributing factor to self-efficacy (Bandura, 1997), it is 
important to measure first-time, first-year freshmen’s past experiences related to 
chemistry (i.e., ACT science sub-score, choice of major, and number of prior chemistry 
classes completed).  
Many researchers have studied and measured self-efficacy in a variety of contexts 
and for a variety of purposes. As mentioned previously, self-efficacy is task-specific and 
therefore, loses its predictive validity if it is treated as a general measure (Bandura, 1997; 
Bandura, 2006). Although there have been scales made to test science self-efficacy which 
were found to be reliable and delivered effective results (Andrew, 1998; Karaarslan & 
Sungur, 2011; Kiran & Sungur, 2012), many researchers are now developing scales with 
a deeper level of specificity based on Bandura’s (2006) recommendations. Chemistry 
self-efficacy measures have previously been developed for use at either the secondary 
(Aydin & Uzuntiryaki, 2009) or postsecondary levels specifically (Dalgety et al., 2003; 
Uzuntiryaki & Aydin, 2009), but no scales were found that have been used and validated 
at both levels. In addition, the chemistry self-efficacy scales found in the literature 
typically include a laboratory component and/or were designed to be used for their 
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intended audience only (e.g., nursing majors or science pre-service or in-service teachers) 
(Andrew, 1998; van Aalderen-Smeets, Walma van der Molen & Asma, 2012).  
This study sought to use an instrument that measured the self-efficacy of general 
chemistry that could be used for all students at either the secondary or postsecondary 
level. In order to be used for general chemistry, the content of the scale must be that of 
general chemistry at both the secondary and postsecondary levels. Therefore, laboratory 
questions were not appropriate for use due to the lack of laboratory experience given in 
some secondary institutions. To test the self-efficacy of general chemistry, the scale must 
inquire about student’s beliefs to perform specific tasks encountered in general chemistry 
curriculum only (e.g. converting grams to moles, correctly using chemical nomenclature 
etc.). No scale was found which specifically measured self-efficacy for general chemistry 
content sans laboratory experiences which could generalize to both academic levels. 
Therefore the Self-Efficacy for General Chemistry (SEGC) scale was developed and 
tested in a pilot study with students at the postsecondary level based on the 
recommendations of Bandura (2006). A follow-up study testing the SEGC scale with 
students at the secondary level was beyond the scope of the current study, but will be 
forth-coming. The SEGC scale consists of 14 items that specifically focus on concepts 
taught in a general chemistry course and does not include items that assess beliefs about 
laboratory skills. The SEGC scale was shown to have good internal consistency ( = 
0.97) and accounted for 71.9% of the variance in scores of the latent variable in the pilot 
study. 
  Chemistry is challenging and takes persistence at the secondary level, and even 
more so at the postsecondary level. Students with a high self-efficacy toward chemistry 
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will be more likely to take on the challenge of chemistry and persist through the courses. 
In addition, research suggests that self-efficacy accounts for “a little over 25% of the 
variance in vocational and academic interests” (Brown & Lent, 2006, p. 213) and that 
academic interests influence our subsequent career decisions or intentions (Dalgety & 
Coll, 2006). Ajzen (1991) defines intentions as indications of people’s willingness to try 
and/or amount of effort they will exert in order to perform the behavior. Therefore, since 
there is a positive correlation between self-efficacy and intentions (Bandura, 2006), it 
would be presumed that general chemistry self-efficacy would be a predictor of intentions 
toward chemistry. This study will seek to determine how much predictive power self-
efficacy for general chemistry has for intentions to take future chemistry courses using 
the SEGC scale.    
 
Attitudes 
It is agreed that one of the purposes of introductory science courses, whether at 
the secondary or postsecondary level, should be to ignite positive student attitudes toward 
that specific science subject (Cheung, 2009a; Dalgety et al., 2003). Based on the Theory 
of Planned Behavior, derived from the Theory of Reasoned Action, attitude towards a 
behavior combined with normative beliefs (beliefs about the normative expectations of 
others) and control beliefs (beliefs about the factors which control the performance of the 
behavior) produce an intention which is the antecedent of behavior (Ajzen, 1991). 
Intentions include the motivational factors that influence a behavior similar to self-
efficacy yet not made explicit in the theory (Dalgety et al., 2003). The stronger the 
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person’s attitude, the greater their perceived control, the stronger the intention, and the 
more likely the person is to carry out the behavior (Ajzen, 1991).  
In science, a person’s thoughts, feelings, and behaviors towards the discipline are 
important to consider because attitudes have been shown to influence academic 
performance (Bennett, Rollnick, Green, & White, 2001; Cheung, 2009b; Cukrowska, 
Staskun & Schoeman, 1999; Green, Liem, Martin, Colmar, Marsh, & McInerney, 2012; 
Salta & Tzougraki, 2004; Xu & Lewis, 2011), self-efficacy (Bandura, 2006; Dalgety & 
Coll, 2006; Dalgety et al., 2003; van Aalderen-Smeets, Walma van der Molen, & Asma, 
2011), as well as intentions (Ajzen, 1991; Cheung, 2009a; France, France, & Himawan, 
2006; Glasman & Albarracín, 2006; Kurbanoğlu & Akin, 2010; MacIntyre, & Blackie, 
2012). Similar to self-efficacy, attitudes are task-specific; therefore, there is a difference 
between attitude toward science and attitude towards chemistry. Many researchers agree 
that research on attitudes must be broken down into subjects such as chemistry, physics, 
and biology instead of a general science attitude measure (Cheung, 2009a; Zacharia & 
Barton, 2004). The research specifically examining attitude toward chemistry is sparse; 
however, the research found echoes previous findings about attitudes towards science in 
general. Chemistry attitude is positively related to chemistry achievement (Salta & 
Tzougraki, 2004; Xu & Lewis, 2011), self-efficacy (Dalgety & Coll, 2006; Dalgety et al., 
2003) and intentions to take future chemistry (Crawley & Koballa, 1992; Dalgety & Coll, 
2006; Kurbanoğlu & Akin, 2010).  
The Attitude Toward Chemistry Lessons Scale (ATCLS; Cheung, 2009b) was 
developed to measure a person’s attitude (i.e., predisposition to respond to something in a 
favorable or unfavorable manner) toward chemistry lessons (i.e., theory plus laboratory) 
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and is an instrument that most closely aligns with this study’s operational definition of 
chemistry attitude. The ATCLS is a 12-item scale where the total score represents overall 
attitude toward chemistry with four subscales (3 items each) representing the following 
dimensions: 1) liking of chemistry lessons, 2) liking of chemistry laboratory work, 3) 
evaluative beliefs for school chemistry (i.e., usefulness of chemistry), and 4) behavioral 
tendencies to learn chemistry (i.e., what people say they would do if given opportunities) 
(Cheung, 2009b). Even though the ATCLS contains three items related to chemistry 
laboratory, the items are very general. In addition, the ATCLS has been shown to have 
good psychometric properties (i.e., strong factorial validity and internal consistency) and 
has been used to examine students’ attitudes towards chemistry in secondary institutions 
(Cheung, 2009a; Khan & Ali, 2012). Thus, we elected to extend the use of the ATCLS to 
a postsecondary sample. In addition, we wanted to add to the existent body of literature 
using the ATCLS to examine the predictive power of first-time, first-year college 
freshmen’s attitudes towards general chemistry on their intentions to take future 
chemistry courses.  
 
General Chemistry 
Ebbing and Gammon (2010) define chemistry as “the science of the composition 
and structure of materials and of the changes that materials undergo” (p. 2). Chemistry is 
a complex science that helps not only explain the world around us, but also helps to 
explain processes in many other STEM fields such as biology, physics, environmental 
science, and medical sciences. There are many different types of chemistry; there is 
organic chemistry, biochemistry, thermochemistry, physical chemistry, theoretical 
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chemistry, experimental chemistry, chemical engineering, etc. The term “general 
chemistry” is used to describe an introductory course (either at the secondary or 
postsecondary level) that seeks to introduce critical chemistry concepts that are important 
to all types of chemistry and related subjects; basically to give an overview or 
introduction to chemistry.  
General chemistry curriculum consists of concrete and abstract concepts, which 
force students to think analytically, spatially, and mathematically.  Students in a general 
chemistry course must have a basic understanding of mathematical procedures, especially 
manipulation of algebraic expressions. This knowledge is the most important pre-
requisite to general chemistry. According to the American Chemical Society’s (ACS) 
Guidelines and Evaluation Procedures (2008), an introductory general chemistry course 
should provide students with the knowledge of “basic chemical concepts such as 
stoichiometry, states of matter, atomic structure, molecular structure and bonding, 
thermodynamics, equilibria, and kinetics” (p.9). Every concept listed as “basic chemistry 
knowledge” is used in many other STEM fields to help prepare STEM professionals. To 
fully understand this basic knowledge, students must be able to think abstractly about an 
atomic structure they cannot see, they must be able to think spatially in order to 
understand molecular structure and bonding, and they must be able to think concretely to 
convert units using stoichiometry. These are only the ways in which students must think. 
This list does not include the memorization of elements, ions, and basic equations and 
constants. It does not include the interpretation of graphs and data. It does not include the 
structure of the periodic table, predicting products of reactions, or determining the heats 
of formation and reaction. In addition, the ACS Guidelines and Evaluation Procedures 
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(2008) also include a list of skills that students should gain from a general chemistry 
course: problem-solving skills, chemical literature skills, communication skills, team 
skills and ethics. The general chemistry course is a complex and challenging course that 
is essential for training STEM professionals; therefore, the present study will address the 
following research questions: 
1. How well do self-efficacy beliefs for general chemistry and attitudes toward 
chemistry predict intentions to take future chemistry courses? 
2. Which is the better predictor of intentions; self efficacy for general chemistry or 
attitude toward chemistry? 
3. If other known factors that influence intentions (i.e., past experiences, past 
performances, and choice of major) were controlled, is self-efficacy for general 
chemistry and attitude toward chemistry still able to predict a large amount of the 
variance in intentions to take future chemistry courses? 
 13 
 
CHAPTER 3 
 
 
METHODS 
 
 
Pilot Study 
 Prior to the present study, a pilot study was carried out using 106 students 
enrolled at Western Kentucky University. Participants were primarily female (73.8%), 
came from a variety of majors (56.3% STEM), and reported a mean number of 2.17 
chemistry classes taken prior to the study. For the pilot and present study, measures of 
self-efficacy for general chemistry, attitude towards chemistry, and intentions toward 
chemistry were needed. These scales needed to have good internal consistency, contain 
only general chemistry content, and be useable by both secondary and postsecondary 
general chemistry courses. The Attitude Toward Chemistry Lessons Scale (ATCLS; 
Cheung, 2009b) fit the parameters of this study showcasing good internal consistency in 
the validation studies ( = 0.76 to 0.86) and our pilot study ( = 0.95) and explaining 
66.8% of the variance in scores of the latent variable, attitudes. However, a scale 
measuring self-efficacy for general chemistry or intentions to enroll in chemistry which 
fit the purposes of this study was not found.  
Therefore, a team consisting of two undergraduate chemistry majors, an 
educational psychologist, a professor of chemistry education, and a professor of 
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chemistry worked together to develop a scale to measure self-efficacy for general 
chemistry. For the Self-Efficacy for General Chemistry (SEGC) scale, we started by 
examining content from textbooks used in both secondary and postsecondary general 
chemistry courses to identify specific subject matter typically covered (e.g. significant 
figures, VSEPR Theory, nomenclature, etc.) in general chemistry courses. Our goal was 
to identify specific content-based tasks students are asked to complete in a general 
chemistry course because Bandura (2006) recommended that scales measuring self-
efficacy should be task-oriented. After much discussion and debate, the final scale 
resulted in 14 items representing specific tasks required in general chemistry (see 
Appendix A). Participants were asked to rate their level of confidence in their capabilities 
to complete the tasks on a 7-point Likert scale with anchors at 1 (not at all confident) and 
7 (extremely confident). The scale showed strong internal consistency ( = 0.97) and 
explained 72.2% of the variance in scores for the latent variable, self-efficacy. 
A scale to measure students’ intentions to take future chemistry courses was also 
necessary, therefore the General Chemistry Intentions (GCI) scale was created by a team 
consisting of two undergraduate chemistry majors and an educational psychologist. The 
scale was constructed based on the recommendations of Fishbein & Ajzen (2010) who 
state that the items must be self-directed and compatible with the behavioral criterion. 
The behavioral criterion in this study was a student’s choice (intention) to take chemistry 
courses during his/her college career; therefore the scale was created to accommodate this 
behavioral criterion and took into account the temporal variation (i.e., taking a chemistry 
course next semester, within the next year, or prior to graduation) that was possible for 
college students. This scale contains 6 items which collectively measures students’ 
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intentions to take future chemistry courses (e.g., “I intend to enroll in a chemistry course 
next semester.”) and again is evaluated using a 7-point Likert scale with anchors at 1 (not 
at all true for me) and 7 (completely true for me). To avoid response bias, both positive 
and negatively worded items were included. For analysis, the negatively worded items 
were reversed. This scale showed strong internal consistency ( = 0.88) in the pilot study. 
 
Participants 
Participants were 1,126 first-time, first-year freshmen at Western Kentucky 
University (WKU). In the fall of 2012, there were 3,375 first-time, first-year freshmen 
(WKU Office of Institutional Research, 2012). Based on these data, we obtained 33% of 
the total population of first-time, first-year freshmen. Of the 1,126 participants, 64.3% 
were female, which accurately reflects the 61% of females who make up the total 
enrollment at WKU (WKU Office of Institutional Research, 2012). Of the participants, 
75.7% self-identified as White, 16.8% as African American, 2.5% as Hispanic, and 1.8% 
as Asian. The mean age of the sample was 19 years old. Students’ intended majors were 
43.8% non-STEM, 40.5% STEM, and 15.6% were either undecided or exploratory; the 
most frequent majors indicated were nursing (7.2%), elementary education (5.4%) and 
biology (5.3%). During the fall of 2012 when these data were collected, elementary 
education, nursing, and biology were the three majors with the highest enrollment as 
identified by WKU (WKU Office of Institutional Research, 2012). Based on the 
aforementioned data, the sample can be considered representative of the population of 
first-time, first-year freshmen at WKU.  
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Instruments 
Self-efficacy for general chemistry was measured with the Self-Efficacy for 
General Chemistry (SEGC) scale created specifically for this study and piloted in a 
separate study.  The SEGC scale contains 14 items which together, measure students’ 
perceived abilities to be successful in performing specific general chemistry content-
related tasks. Participants are asked to rate their level of confidence in their capabilities to 
complete the tasks using a 7-point Likert scale with anchors at 1 (not at all confident) and 
7 (extremely confident). The total mean score from the SEGC scale represents an overall 
self-efficacy towards general chemistry. The full scale can be found in Appendix A. As 
expected based on the pilot study, the scale showed good internal consistency in the 
present study ( = 0.94) and explained 57.2% of the variance in scores for the latent 
variable, self-efficacy. 
Attitude towards general chemistry was measured using the 12-item Attitude 
Toward Chemistry Lessons Scale (ATCLS; Cheung, 2009b) where participants were 
asked to rate their level of agreement for each item using a 7-point Likert scale with 
anchors at 1 (strongly disagree) and 7 (strongly agree). The total mean score from the 
ATCLS represents an overall attitude towards general chemistry. The full scale can be 
found in Appendix B. In the present study, the scale showed good internal consistency ( 
= 0.94) and explained 60.9% of the variance in scores for the latent variable, attitude. 
Intentions to take future chemistry courses were examined using the newly 
created General Chemistry Intentions (GCI) scale. The GCI scale contains 6 items which 
asks students to pinpoint when/if they plan to take a chemistry course in the future. Three 
of the items are positively worded (e.g., “I intend to enroll in a chemistry course next 
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semester”) and three items are negatively worded (e.g., “I do not intend to enroll a 
chemistry course unless I have to”). The full scale can be found in Appendix C. 
Participants are asked to rate how true each statement is to them using a 7-point Likert 
scale with anchors at 1 (definitely not true for me) and 7 (completely true for me). 
Responses on the negatively worded items are reversed before computing a total mean 
score representing the student’s intentions to take future chemistry courses. Like the pilot 
study, the scale showed good internal consistency in the present study ( = 0.88) and 
explained 61.7% of the variance in scores for the latent variable, intentions. 
 Background information was obtained from the participants. Basic demographics 
such as gender, socio-economic status, race/ethnicity, and intended major were collected. 
In addition, ACT score on the science subtest was used to represent past performance in 
general science while quantity of high school chemistry courses taken was used to 
represent “chemistry experience.”  
 
Procedures 
 Prior to beginning the study, permission was sought and granted by the 
Institutional Review Board at Western Kentucky University to carry out the study (see 
Appendix D). The goal of participant recruitment was to gather a representative sample 
of the first-time, first-year freshmen enrolled in the fall 2012 semester at WKU; 
therefore, we used both face-to-face and online methods for soliciting participants and 
collecting data. For face-to-face recruitment and data collection, the first author targeted 
the M.A.S.T.E.R. Plan program which is designed to orient new students to campus 
during the week prior to the first day of fall semester classes. She also targeted a 
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freshmen-level course designed to introduce new students to college life entitled, the 
University Experience (UE), which had multiple sections and different instructors. For 
both the M.A.S.T.E.R Plan and the UE course, she sought permission prior to recruitment 
and data collection. She then trained a group of undergraduate upperclassmen to assist in 
recruitment and data collection and organized the materials (i.e., paper surveys, 
schedules, procedures) to ensure a systematic (i.e., reliable and valid) data collection 
process.  
For online recruitment and data collection, we created an online version of the 
survey using Qualtrics and advertised the study on the Department of Psychology’s Study 
Board. Study Board is an electronic warehouse of current psychological research taking 
place at WKU and is a forum for students to use when selecting studies in which they 
would like to participate. Depending on the psychology course in which they are 
registered, students can also earn course credit.  As an incentive for participation, 
students in both recruitment methods (i.e., face-to-face and online) received entry into a 
raffle upon completion of the survey which entered them into a drawing for many prizes 
such as a Kindle Fire and various gift cards. The money used to purchase the prizes came 
from an internal institutional grant award (i.e., FUSE) given to the project.  
 Data collection occurred during the first three weeks of the fall 2012 semester in 
an effort to prevent current chemistry experience from impacting the data (i.e., 
participant’s views about chemistry). Once data collection was complete, all participants 
were given identification numbers and data were entered into the IBM SPSS 20.0 
software program. Raffle entries with participant names were collected and kept separate 
from the data collected in the surveys to ensure anonymity of the participants. 
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Analyses 
In order to answer research questions one and two, a standard multiple regression 
was conducted using the IBM SPSS 20.0 program. A multiple regression is appropriate to 
measure the variance of a model and the relative contributions of each of the variables to 
the model for a large data set (Tabachnick & Fidell, 2007). The R
2 
value from performing 
the regression will indicate the amount of variance the model predicts on the dependent 
variable which is intentions toward chemistry; a subsequent analysis of variance 
(ANOVA) will determine the significance level of the R
2 
value, answering research 
question one. The beta value from the multiple regression calculation will answer 
research question two by indicating which variables made a statistically significant 
unique contribution to the model.  
To answer research question three, a hierarchical multiple regression must be 
performed. After controlling for ACT scores, choice of a STEM major, and quantity of 
high school chemistry classes taken (i.e., prior mastery experience), the change in R
2 
value will indicate how much additional variance is explained by students’ self-efficacy 
for general chemistry and their attitude towards chemistry. The change in the significant 
F statistic will indicate the significance level of the contribution, answering research 
question three.  
  
 20 
 
CHAPTER 4 
 
 
RESULTS 
 
 
Before performing either a standard or a hierarchical multiple regression, there are 
a number of assumptions that must be tested. Multiple regressions require a large sample 
size, but what is considered “large”? Based on Tabachnick and Fidell’s (2007) formula: 
N > 50 + 8m (where m = the number of independent variables), we would need a sample 
size of 90 participants since we are testing five independent variables (i.e., ACT-Science 
score, STEM or non-STEM major, number of prior chemistry classes, self-efficacy for 
general chemistry, and attitude toward chemistry). With a sample of 1,126, we have 
generously met this assumption.  
A second and extremely important assumption to be tested is that of 
multicollinearity -- or ensuring that independent variables are not too highly correlated 
with one another. Although it is expected that there will be correlations between 
independent variables, a high correlation creates difficulties in interpreting the individual 
contributions of each independent variable (Tabachnick & Fidell, 2007). Based on the 
Pearson correlation results seen in Table 4.1, all variables show a significant correlation 
(p < .01) with the dependent variable -- intentions toward general chemistry. Also, there 
are no correlations between independent variables that are too high (above .7), indicating 
that the assumptions for multicollinearity have been met. The Normal Probability Plot, 
Scatterplot and Mahalanobis distances were inspected to check for violations of outliers, 
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normality, linearity, homoscedasticity, and independence of residuals; all assumptions 
were satisfied.  Table 4.2 displays the descriptive statistics (i.e., means and standard 
deviations) for the continuous variables (i.e., intentions, self-efficacy, attitudes, ACT, and 
quantity of prior chemistry classes).   
 
 
 
Table 4.1  
 
 
Pearson Correlation for All Variables 
 1 2 3 4 5 6 
1. Intentions  1.00      
2. Quantity of H.S. 
Chemistry 
0.17*** 1.00     
3. ACT Science Score 0.12** 0.15*** 1.00    
4. Intended major 0.24*** 0.02 0.11** 1.00   
5. Self-Efficacy 0.34*** 0.33*** 0.26*** 0.05* 1.00  
6. Attitude 0.54*** 0.20*** 0.21*** 0.16*** 0.54*** 1.00 
Note. p < .05, **p < .01, ***p < .001. 
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Table 4.2 
 
 
Descriptive Statistics for All Continuous Variables 
 N Minimum Maximum Mean Std. Deviation 
Intentions  1101 1.00 7.00 3.86 1.73 
Self-efficacy 1120 1.00 7.00 2.80 1.31 
Attitude  1118 1.00 7.00 3.21 1.39 
Quantity of H.S. Chemistry 1122 0 4 1.22 0.70 
ACT Science score 837 0 36 21.9 4.96 
Note. Intended major is a categorical variable. Proportions are reported in the Participants 
section. 
 
 
In order to assess our first two research questions, a standard multiple regression 
was performed to determine if general chemistry self-efficacy and attitudes toward 
chemistry significantly predict intentions toward chemistry, and if so which is the 
stronger predictor. The regression variables are reported in Table 4.3. 
 
 
  
Table 4.3 
 
  
Summary of Standard Regression Analysis 
 Β R R2 Partial r 
Model  0.54 0.29  
    Self-efficacy 0.07*   0.06 
    Attitude 0.50***   0.45 
Note. p < .05, ***p < .001. 
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Self-efficacy and attitudes were shown to contribute significantly to the regression 
model, F (2, 1093) = 227.45, p < .001 and accounted for 29.3% of the variance in the 
dependent variable -- intentions. Although both self-efficacy (β = 0.07, p < .05) and 
attitude (β = 0.50, p < .001) make significant contributions to the model, attitude was 
found to make the largest unique contribution. The partial correlation coefficient for 
attitude is 0.45 indicating that attitude uniquely explains 20.3% of the variance in 
intentions. For self-efficacy, the partial correlation coefficient value is 0.06 indicating a 
unique contribution of 3.6% to the explanation of variance in intentions.  
To evaluate research question three, a hierarchical multiple regression was used to 
assess the ability of self-efficacy for general chemistry and attitude for general chemistry 
to predict intentions toward chemistry, after controlling for known influential factors (i.e., 
quantity of high school chemistry courses taken, ACT science score, and choice of STEM 
or non-STEM major). For the hierarchical multiple regression, quantity of high school 
chemistry courses, ACT science scores, and choice of major were entered at stage one to 
control for previous experiences which are known to influence intentions. At stage two, 
self-efficacy for general chemistry and attitude toward general chemistry were entered. 
The multiple regression variables are reported in Table 4.4. 
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Table 4.4  
 
 
Summary of Hierarchical Regression Analysis 
 
Variable Β R R2 ∆R2 ∆F df Partial r 
Step 1  0.29 0.08 0.09 25.67*** 3, 821  
     H.S Quantity 0.16***      0.16 
    ACT Science 0.06
+
      0.06 
    Choice of Major 0.23***      0.23 
Step 2  0.57 0.32 0.24 142.07*** 2, 819  
     H.S Quantity 0.06
+
      0.06 
    ACT Science -0.04      -0.05 
    Choice of Major 0.16***      0.19 
    Self-efficacy 0.06
+
      0.06 
    Attitude 0.48***      0.43 
Note. 
+
 p < .10, ***p< .001; Values were rounded to the hundredths place in the table. 
 
 
 
 The hierarchical multiple regression was evaluated and at stage one, the 
regression model was significant, F (3, 821) = 25.67, p < .001 and the three control 
variables (i.e., quantity of high school chemistry courses, ACT science scores and choice 
of major) accounted for 8.2% of the variance in the dependent variable -- intentions. 
When self-efficacy and attitude for general chemistry were added at stage two an 
additional 23.5% of the variance in intentions was explained and was also significant, F 
(5, 819) = 77.52, p < .001. Together all five independent variables accounted for 31.7% 
of the variance in intentions. Of the three control variables, only choice of major was a 
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significant predictor in the final model (β = .16, p < .001) with a partial correlation of 
0.19 indicating that choice of major uniquely explains 3.6% of the variance in intentions. 
Quantity of high school chemistry courses was only marginally significant (β = .06, p < 
.07). Furthermore, attitude was the strongest and only significant predictor in the final 
model (β = .48, p < .001) with a partial correlation of 0.43 indicating that attitude 
uniquely explains 18.5% of the variance in intentions. Self-efficacy was only marginally 
significant (β = .06, p = .08).    
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CHAPTER 5 
 
 
DISCUSSION 
 
 In this study, we sought to examine the effect of self-efficacy and attitudes 
towards general chemistry on first-time, first-year freshmen students’ intentions to take 
future chemistry courses. Our findings suggest that in general, the freshmen population at 
Western Kentucky University does not feel confident in their ability to perform in general 
chemistry (M = 2.80, SD = 1.31), has a relatively poor attitude towards chemistry (M = 
3.21, SD = 1.39), and expresses moderate intentions toward enrolling in future chemistry 
courses (M = 3.86, SD = 1.73).  These findings are corroborated by other studies 
(Cheung, 2009a) and indicate that somewhere in the pipeline students have failed to 
discover “the importance of school chemistry and behavioral tendencies to learn 
chemistry in any positive ways” (Cheung, 2009a, p. 84).  
Our results are even more important when we consider the amount of predictive 
power that self-efficacy and attitudes have on intentions to enroll in chemistry, a common 
prerequisite of many STEM majors. In the present study, self-efficacy and attitude alone 
were found to predict 29.3% of the variance of intentions. Of the two, attitude (β = .504, 
p < .001) made the larger significant contribution. Once prior experiences (ACT science 
score, intended major, and quantity of high school chemistry courses) were added to the 
model, the five independent variables were able to predict 31.7% of the variance in 
intentions. Together these results suggest that self-efficacy and attitude are important 
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motivational variables that should be considered when trying to determine students’ 
intentions to engage and persist in chemistry and thus, STEM-related fields. Students 
with low self-efficacy and unfavorable attitudes towards chemistry can negatively affect 
the efforts of postsecondary institutions to recruit, retain, and graduate STEM majors. 
Therefore, educators at both the secondary and postsecondary levels should seek to 
improve students’ self-efficacy and attitudes toward chemistry.  
ACT data reveals that less than one in five 12
th
 graders are interested in a STEM 
major or career (Business-Higher Education Forum, 2010). Sadly, less than 40 percent of 
students intending to major in a STEM discipline upon entering college actually complete 
a degree in STEM (Wood & Associates, 2008-09). However, jobs requiring STEM 
degrees are projected to increase four times as fast as the overall job growth (Business-
Higher Education Forum, 2010). Therefore, for institutions to compete in the national and 
international market, they must recruit and retain STEM majors by increasing students’ 
self-efficacy and attitudes toward general chemistry. Since experiences occur at both the 
secondary and postsecondary level, educators must find ways to increase self-efficacy 
and attitudes at both levels.  
 
Secondary Level 
STEM recruitment and retention at the secondary level should focus on 
pedagogical techniques that will give students the experiences they need to improve their 
self-efficacy and attitude towards chemistry (Cheung, 2009a; Dalgety & Coll, 2006; 
Kurbanoğlu & Akin, 2010), thereby increasing their intentions to enroll and engage in 
majors involving chemistry at the postsecondary level. Suggestions to improve chemistry 
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self-efficacy and attitude differ from author to author, but typically seek to give students 
meaningful tasks connected to the content at which they can succeed. Meaningful tasks 
refer to learning tasks that are designed to be relevant for the students and provide 
opportunities for students to connect new content with information they already know 
(i.e., stored in long-term memory). Learning through meaningful tasks has been shown to 
be more effective than learning information in isolated pieces (Lin, 2007; Mayer, 2002). 
When students learn through meaningful tasks, they accomplish greater depth of 
understanding, therefore adding to their mastery experiences and increasing their self-
efficacy (Uzuntiryaki & Aydin, 2009). Meaningful tasks come in a variety of forms: 
student-performed inquiry-based experiments, real-life applications, inquiry-based 
instruction, and cooperative learning.  
One type of task that should be used more often in secondary chemistry courses is 
that of inquiry-based experiments or labs (Kurbanoğlu & Akin, 2010). Essential to 
providing the students direct mastery experiences that are optimally challenging as 
Bandura’s (1996) theory suggests is that of student-driven experiments or labs. In these 
experiments or labs, the students themselves are designing and/or performing the 
activities with appropriate guidance from the teacher – not the teacher performing the 
activities while the students observe. In addition, these experiments or labs should be 
connected to the real-world to mimic students’ natural experiences (as closely as 
possible) to help make the content more meaningful to the students (Bransford, Brown, & 
Cocking, 2000).  
Due to the microscopic scale of chemistry and its reliance on teaching abstract 
concepts (e.g., the mole, the structure of the atom, chemical bonding), students often 
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struggle with the everyday applications of chemistry. To alleviate this problem, educators 
should incorporate real-life applications into their chemistry instruction (Cheung, 2009a; 
Kurbanoğlu & Akin, 2010). Since “much of what is learned is specific to the situation in 
which it is learned” (Anderson, Reder, & Simon, 1996, p. 5), real-world tasks would be 
more meaningful to students than relying on abstract instruction to describe microscopic 
processes. One example of a real-life application in chemistry might include having the 
students examine disulfide bonds in hair-care products designed to produce permanent 
waves or curls. They could also explore the chemistry behind household cleaners and 
identify the dangers involved when the cleaners are mixed. Other real-world tasks could 
involve the exploration of drug interactions, the dangers of heavy metals in paint, or 
classes of fire extinguishers to name a few. The defining component of a real-world or 
authentic task is that the students practice thinking similar to that required in the real 
world (van Merriënboer, Kirschner, & Kester, 2003). Real-life applications require 
students to use higher order thinking processes; “authentic activities foster the kinds of 
thinking and problem-solving skills that are important in out-of-school settings…” 
(Putnam & Borko, 2000, pp. 4-5). These higher order thinking skills are necessary for 
success in a STEM major, and allowing students to see that the content is used outside of 
school fosters stronger attitudes toward chemistry because of an increase in the perceived 
value of the discipline (Anderman & Wolters, 2006).  
Another pedagogical technique that has been offered to provide meaningful 
learning is the use of inquiry-based instruction, which can be defined as “an active 
learning process in which students answer research questions through data analysis” 
(Bell, Smetana, & Binns, 2005, p 31). Inquiry-based instruction helps “students attain a 
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deeper understanding of scientific ideas and more sophisticated forms of scientific 
thinking” (Criswell, 2012, p. 199). There are many different levels of inquiry (i.e. 
confirmatory, structured, guided and open) and models of inquiry-based instruction (e.g., 
project-based instruction, using the 5E-model where the lesson guides students through 
an Engagement, Exploration, Explanation, and Elaboration with constant Evaluation), but 
in general, instruction that requires students to actively discover content through analysis 
of research is inquiry (Criswell, 2012; Wheeler & Bell, 2012). This content could have 
already been revealed and the instruction is confirming it, or the content could be 
unknown to the student and the activity allows students to discover it. For example, in 
chemistry, a teacher could give students a sample set of compounds with the correct 
IUPAC name and then have the students determine the rules for nomenclature.  
During the inquiry-based learning process, students are asked to think critically 
not only about the content, but about themselves as learners which help students to build 
their arsenal of learning strategies (i.e., metacognitive skills) and thus, achievement 
(Anderson & Nashon, 2007; Kurbanoğlu & Akin, 2010; Uzuntiryaki & Aydin, 2009). 
Because inquiry-based techniques provide meaningful instruction within chemistry 
courses, students tend to have a deeper understanding of the chemistry content and as a 
result, an increased self-efficacy and attitude toward chemistry. In fact, it is clear that 
secondary science education administrators and educators have recognized the need to 
use inquiry-based instruction and real-life applications to promote deeper levels of 
learning. This transition can be seen from the Next Generation Science Standards which 
emphasize inquiry techniques integrated with engineering design challenges. This is a 
positive step in the direction of improved secondary science pedagogy. 
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Cooperative learning, also typically used in inquiry-based classrooms, is another 
pedagogical technique that has been identified to improve students’ attitudes. 
Cooperative learning tasks are specifically designed for completion by a group of 
students who must work with one another to reach a common goal or learning objective. 
Social interaction is a key component in cooperative learning because it allows students 
to test their schemas (i.e., ideas) and evaluate their own understanding with that of their 
peers (Wadsworth, 2004). Cooperative learning can provide “a sense of social support for 
students which can decrease feelings of isolation and the belief that everyone understands 
this but me,” (Kurbanoğlu & Akin, 2012, p. 353) which can be a common feeling in 
STEM courses. In addition, collaborative learning helps to foster self-regulation 
(Feldmann, Martinez-Pons, & Shaham, 1995). Self-regulation encompasses setting goals, 
and also having the motivation, thought processes, strategies and behaviors to accomplish 
the goals set (Zimmerman & Schunk, 2001). Self-regulation is an important set of skills 
to learn in the secondary level because successful completion of a STEM major at the 
postsecondary level will require students to be self-motivated, select and use adaptive 
study and test-taking strategies, and persevere through the many difficult courses.  
Since students become more independent as they progress to the postsecondary 
level, they must also become more metacognitive, or aware of and in control over their 
cognitive processes. Secondary teachers must teach students how to be self-regulated and 
metacognitive in order to be successful at the postsecondary level as individual learners. 
Emotional awareness is one component of metacognition and self-regulation that students 
must understand in order to evaluate their learning and progression towards their goal. As 
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Pajares (2005) has pointed out, students can get a fairly good sense of their confidence by 
the emotional feelings they experience as they contemplate an action. Negative feelings 
provide cues about a negative self-efficacy or attitude toward the behavior, even when 
one is unaware of these negative tendencies. Students who approach a general chemistry 
lesson with apprehension likely lack confidence in their science skills (Kurbanoğlu & 
Akin, 2010). Moreover, those negative feelings can themselves trigger additional stress 
and agitation that help ensure the inadequate performance feared (Kurbanoğlu & Akin, 
2010). A chemistry teacher can help students read their emotional feelings and 
understand that these feelings should not be ignored (Britner & Pajares, 2006). Since a 
person’s thoughts and feelings contribute to their attitude, this intervention technique can 
be especially useful for encouraging positive chemistry attitudes in order to increase 
retention.  
 
Postsecondary Level 
In order to increase STEM retention, some researchers have suggested creating an 
introductory course which would provide a “bridge” from secondary STEM experiences 
to the larger, more impersonal, rigorous postsecondary STEM courses – those courses 
that do not implement the previously described student-centered pedagogy (e.g., 
Business-Higher Education Forum, 2010; Koenig, Schen, Edwards, & Bao, 2012; 
Springer, Stanne & Donovan, 1999; Tinto, 1993; Urban Institute, 2005). Although some 
of these bridge courses have been shown to have a “positive impact on first-to-second 
year retention” (Koenig et al., 2012, p.27), the present research suggests that bridge 
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courses are simply treating the symptoms of a larger and much more deeply rooted 
problem.  
The National Science Foundation (1996) discovered that one of students’ barriers to 
completing a STEM degree was the difficulty, competitiveness, and impersonal large-
lecture format of introductory STEM courses. Within these introductory courses, it has 
previously been reported that students’ low grades have reduced their self-efficacy in 
their STEM abilities (Seymour & Hewitt, 1997). Although, the pedagogical techniques in 
the previous section were recommended for secondary education, they would be as 
useful, if not more useful, at the postsecondary level. Typically, large introductory STEM 
courses are taught using direct instruction and are very teacher-centered (e.g., the teacher 
lectures at the students or performs a demonstration while the students passively 
observe). Postsecondary institutions should consider implementing more meaningful, 
student-centered instruction such as inquiry-based techniques in an effort to increase 
student understanding, metacognition, and self-regulation (Cheung, 2009a; Criswell, 
2012; Dalgety & Coll, 2006; Kurbanoglu & Akin, 2010; Wheeler & Bell, 2012).  
Postsecondary institutions should restructure these STEM classes by reducing their 
size to less than fifty students so that strategies such as inquiry-based instruction and 
cooperative learning could be effectively used. The ACS and the National Science 
Teachers Association (NSTA) recommend that only 24 students be in a laboratory area 
(ACS, 2012). Shouldn’t lecture classes foster the same physical engagement that 
laboratories do? Postsecondary instructors should be trained in the aforementioned 
pedagogical techniques so that they may appropriately guide students through group-
oriented, inquiry-based instruction. Improving the pedagogy at the postsecondary level is 
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the most effective way to foster high student engagement, understanding, self-efficacy, 
and attitudes, and thus, recruitment and retention in STEM disciplines. Therefore, in 
order for this pedagogical shift to be accomplished, post-secondary administrators will 
have to allocate more resources to facilitate such an initiative. In addition, STEM 
instructors will need to be willing to learn how to make a positive difference for 
postsecondary STEM education by moving away from the “factory-model” that is 
currently accepted as the status quo. The skills and knowledge gained from the student-
centered instruction will be important to STEM majors as they continue their studies and 
will help to increase their attitudes and self-efficacy for chemistry. In addition, these 
techniques are likely to attract more non-STEM majors into the field. 
In addition to improved pedagogy, providing mentoring and research opportunities 
for majors and non-majors has also been shown to increase student retention, especially 
with minorities (Kim, Fann & Misa-Escalante, 2011; Wilson et al., 2012). One particular 
program is called the LSU-HHMI Professors Program, which includes mentoring, 
undergraduate research, and focused education (Wilson et al., 2012). Mentoring has been 
shown to produce higher GPAs, higher retention rates, and more classes completed per 
semester for undergraduate students in comparison to their un-mentored peers (Campbell 
& Campbell, 1997). Undergraduate research has also been shown to be correlated with 
reduced attrition rates (Nagda, Gregerman, Jonides, von Hippel & Lerner., 1998) and 
increased enrollment in graduate education programs (Hathaway, Nagda, & Gregerman, 
2002), especially for underrepresented students. Focused education (e.g. learning 
strategies, successful completion of gateway courses, navigating competitive and 
collaborative academic settings, GRE preparation, etc.) has also been identified as 
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necessary for student success (Wilson et al., 2012). Unlike other studies seeking to 
improve retention, participants in this study were identified as “underperformers” 
academically. Graduation rates for participants in the LSU-HHMI Professors Program 
were 20% higher than the graduation rates for the comparable group of students (Wilson 
et al., 2012). This difference was even larger for African Americans, the identified 
minority group in the study. The success from this program adds important empirical 
evidence to support the need for postsecondary STEM programs to create opportunities 
for all students – declared and undeclared STEM majors – where students can gain 
important mastery experiences and skills. Mentoring, undergraduate research, and 
focused education within the various STEM program-areas would help students achieve 
academic success and thus, bolster self-efficacy beliefs and attitudes toward STEM 
thereby improving retention in the STEM disciplines.  
Although the LSU-HHMI Professors Program includes research, mentoring, and 
focused education, it is not a unique idea at postsecondary institutions. Research 
Experience for Undergraduates (REU) Programs are common around the country and 
have been shown to recruit undergraduates into STEM disciplines and retain them 
(Gibson & Bruno, 2012; Kim, Fann & Misa-Escalante, 2011). It is important to note that 
these programs have been shown to recruit students, meaning that mentoring and 
research should be an experience that is encouraged for non-STEM majors as well, in 
hopes that it will attract them to the field. These programs provide students with 
meaningful learning experiences which increase their self-efficacy and attitude, and 
therefore their intentions to persist in STEM disciplines.  
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Limitations and Future Research 
Within this research study, we must acknowledge a limitation and provide our 
suggestions for future research. The SEGC scale asks participants to rate their confidence 
(i.e., self-efficacy beliefs) on very specific tasks while the ATCLS (Cheung, 2009b) 
surveys participants’ attitudes about chemistry at a more general level. Although the 
SEGC scale was aligned with the suggestions from Bandura (2006), we believe that the 
level of specificity and the use of chemistry vocabulary (e.g. Hess’ Law, stoichiometric 
conversions, VSEPR theory) within the SEGC scale might have intimidated participants 
which negatively affected their perceived abilities resulting in lower self-efficacy scores 
and ultimately, less predictive power of the construct on intentions to take future 
chemistry courses.  Perhaps the SEGC scale was “too specific” when trying to capture 
students’ beliefs about their capabilities in general chemistry. Future research should 
focus on scale modifications with a similar population to test the various levels of 
specificity on intentions to take future chemistry courses. Would self-efficacy become the 
stronger predictor of intentions over attitudes if the level of specificity matched the other 
scales used? Would self-efficacy and attitudes result in stronger prediction and explain 
more of the variance in intentions? We would want to know. 
We believe, however, that the SEGC scale in its current form would still be a 
useful tool for chemistry educators. They could use the SEGC scale to gauge their 
students’ self-efficacy beliefs for the general chemistry content prior to beginning a 
general chemistry course. The information gathered from the SEGC scale could allow 
chemistry educators to then design instructional interventions to help increase student 
success, interest, and performance, which could help to increase self-efficacy, attitudes, 
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and students’ intentions to pursue STEM careers. Our intention during the scale’s 
development was for the SEGC scale to be used at both the secondary and postsecondary 
levels; therefore, future research would first need to validate this scale at the secondary 
level. In addition, future research should be conducted within these classrooms to test the 
effectiveness of these interventions on important motivational variables such as self-
efficacy and attitudes, as well as college and career-readiness variables such as GPA, 
ACT, and career intentions.   
  
 38 
 
REFERENCES 
Ajzen, I. (1991). The theory of planned behavior. Organizational Behavior and Human 
Decision Processes, 50, 179-211. 
American Chemical Society. (2008). Programs Undergraduate Professional Education 
in Chemistry: ACS Guidelines and Evaluation Procedures for Bachelor’s Degree. 
Washington, D.C.: American Chemical Society.  
American Chemical Society. (2012). ACS guidelines and recommendations for the 
teaching high school chemistry. Washington, D.C.: American Chemical Society.  
Anderman, E. M., & Wolters, C. A. (2006). Goals, values, and affect: Influences on 
motivation. In P.A. Alexander & P. H. Winne (Eds.), Handbook of educational 
psychology (2
nd
 ed., pp. 369-389). Mahwah, NJ: Erlbaum. 
Anderson, D., & Nashon, S. (2007). Predators of knowledge construction: Interpreting 
students’ metacognition in an amusement park physics program. Science 
Education, 91, 298-320. doi:10.1002/sce.20176 
Anderson, J. R., Reder, L. M., & Simon, H. A. (1996). Situated learning and education. 
Educational Researcher, 25(4), 5-11. doi:10.3102/0013189X025004005 
Andrew, S. (1998). Self-efficacy as a predictor of academic performance in science. 
Journal of Advanced Nursing, 27(3), 596-603. doi:10.0146/j.1365-
2648.1998.00550.x 
 39 
 
Aydin, Y. C. & Uzuntiryaki, E. (2009). Development and psychometric evaluation of the 
high school chemistry self-efficacy scale. Educational and Psychological 
Measurement, 69(5), 868-880. doi:10.1177/0013164409332213 
Bandura, A. (1997). Self-efficacy: The exercise of control (1st ed.). New Jersey: W.H. 
Freeman and Company. 
Bandura, A. (2006). Guide for constructing self-efficacy scales. In F. Pajares & T. Urdan 
(Eds.), Self-efficacy beliefs of adolescents (pp. 307-337). Greenwich, CT: 
Information Age Publishing. 
Bandura, A., & Schunk, D. H. (1981). Cultivating competence, self-efficacy, and intrinsic 
interest through proximal self- motivation. Journal of Personality & Social 
Psychology, 41(3), 586-598 
Bayraktar, S. (2011). Turkish preservice primary school teachers’ science teaching 
efficacy beliefs and attitudes toward science: The effect of a primary teacher 
education program. School Science and Mathematics, 111(3), 83-92. 
Bell, R. L., Smetana, L., & Binns, I. (2005). Simplifying inquiry instruction: Assessing 
the inquiry level of classroom activities. The Science Teacher, 72(7), 30–33. 
Bennett, J., Rollnick, M., Green, G., & White, M. (2001). The development and use of an 
instrument to assess students' attitude to the study of chemistry. International 
Journal of Science Education, 23(8), 833–845. doi:10.1080/0950069001000655 
Bransford, J., Brown, A., & Cocking, R. (Eds.). (2000). How people learn: Brain, mind, 
experience, and school. Washington, D.C.: National Academy Press. 
 40 
 
Britner, S. L., & Pajares, F. (2006). Sources of science self-efficacy beliefs of middle 
school students. Journal of Research in Science Teaching, 43(5), 485–499. 
doi:10.1002/tea.20131 
Brown, S. D. & Lent, R. W. (2006). Preparing adolescents to make career decisions. In F. 
Pajares & T. Urdan (Eds.), Self-efficacy beliefs of adolescents (pp. 201-223). 
Greenwich, CT: Information Age Publishing.  
Business-Higher Education Forum. (2005). A commitment to America’s future: 
Responding to the crisis in mathematics and science education. Washington, 
D.C.: Author. 
Business-Higher Education Forum. (2010). Increasing the number of STEM graduates: 
Insights from the U.S. STEM education & modeling project. Washington, D.C.: 
Author.  
Campbell, T. A., & Campbell, D. E. (1997). Faculty/student mentor program: Effects on 
academic performance and retention. Research in Higher Education, 38(6), 727-
742. 
Cheung, D. (2009a). Students’ attitudes toward chemistry lessons: The interaction effect 
between grade level and gender. Research in Science Education, 39(1), 75-91. 
doi:10.1007/s11165-007-9075-4 
Cheung, D. (2009b). Developing a scale to measure students’ attitudes toward chemistry 
lessons. International Journal of Science Education, 31(16), 2185-2203. 
doi:10.1080/09500690802189799 
Crawley, F. E., & Koballa, T. R. (1992). Hispanic-American students' attitudes toward 
enrolling in high school chemistry - a study of planned behavior and belief-based 
 41 
 
change. Hispanic Journal of Behavioral Sciences, 14, 469-486. 
doi:10.1177/07399863920144005 
Crippen, K. J., & Earl, B. L. (2007). The impact of web-based worked examples and self-
explanation on performance, problem solving, and self-efficacy. Computers & 
Education, 49(3), 809-821. doi:10.1016/j.compedu.2005.11.018 
Criswell, B. (2012). Framing inquiry in high school chemistry: Helping students see the 
bigger picture. Journal of Chemical Education, 89(2), 199-205. 
doi:10.1021/ed101197w 
Cukrowska, E., Staskun, M. G., & Schoeman, H. S. (1999). Attitudes towards chemistry 
and their relationship to student achievement in introductory chemistry courses. 
South African Journal of Chemistry, 52(1), 8-14.  
Dalgety, J., & Coll, R. K. (2006). Exploring first-year science students’ chemistry self-
efficacy. International Journal of Science and Mathematics Education, 4, 97-116. 
doi: 10.1007/s10763-005-1080-3 
Dalgety, J., Coll, R. K., & Jones, A. (2003). Development of chemistry attitudes and 
experiences questionnaire (CAEQ). Journal of Research in Science Teaching, 
40(7), 649-668. doi:10.1002/tea.10103 
Ebbing, D. D., & Gammon, S. D. (2010). General chemistry. Belmont, CA: Brooks/Cole 
Feldmann, S. C., Martinez-Pons, M., & Shaham, D. (1995). The relationship of self-
efficacy, self-regulation, and collaborative verbal behavior with grades: 
Preliminary findings. Psychological Reports, 77, 971–978. 
Fishbein, M., & Ajzen, I. (2010). Predicting and changing behavior: The reasoned action 
approach. New York: Psychology Press.  
 42 
 
France, J. L., France, C. R., & Himawan, L.K. (2006). A path analysis of intention to 
redonate among experienced blood donors: An extension of the theory of planned 
behavior. Transfusion, 47, 1006-1013.  
Gibson, B. A., & Bruno, B. C. (2012). The C-MORE scholars program: Motivations for 
an academic-year research experiences for undergraduates program. Journal of 
College Science Teaching, 41(5), 12-18. 
Glasman, L. R., & Albarracín, D. (2006). Forming attitudes that predict future behavior: 
A meta-analysis of the attitude-behavior relation. Psychological Bulletin, 132, 
778–822. doi: 10.1037/0033-2909.132.5.778 
Green, J., Liem, G. D., Martin, A. J., Colmar, S., Marsh, H. W., & McInerney, D. (2012). 
Academic motivation, self-concept, engagement, and performance in high school: 
Key processes from a longitudinal perspective. Journal of Adolescence, 35(5), 
1111-1122. doi:10.1016/j.adolescence.2012.02.016 
Hathaway, R. S., Nagda, B. A., & Gregerman, S. R. (2002). The relationship of 
undergraduate research participation to graduate and professional education 
pursuit: An empirical study. Journal of College Student Development, 43(5), 614-
631. 
Karaarslan, G., & Sungur, S. (2011). Elementary students’ self-efficacy beliefs in 
science: Role of grade level, gender and socio-economic status. Science 
Education International, 22(1), 72-79.  
Khan, G., & Ali, A. (2012). Higher Secondary School Students' Attitude towards 
Chemistry. Asian Social Science, 8(6), 165-169. doi:10.5539/ass.v8n6p165 
 43 
 
Kim, K. A., Fann, A. J., & Misa-Escalante, K. O. (2011). Engaging women in computer 
science and engineering: Promising practices for promoting gender equity in 
undergraduate research experiences. ACM Transactions On Computing 
Education, 11(2). doi:10.1145/1993069.1993072 
Kiran, D., & Sungur, S. (2012). Middle school students’ science self-efficacy and its 
sources: Examination of gender difference. Journal of Science Education and 
Technology, 21(5), 619-630. doi:10.1007/s10956-011-9351-y 
Koenig, K. (2008). Scientific thought and methods. Ann Arbor, MI: Xan-Edu Custom 
Publishing.  
Koenig, K., Schen, M., Edwards, M., & Bao, L. (2012). Addressing STEM retention 
through a scientific thought and methods course. Journal Of College Science 
Teaching, 41(4), 23-29. 
Kurbanoğlu, N., & Akin, A. (2010). The relationships between university students’ 
chemistry laboratory anxiety, attitudes, and self-efficacy beliefs. Australian 
Journal of Teacher Education, 35(8), 48-59.  
Kurbanoğlu, N., & Akin, A. (2012). The relationships between university students' 
organic chemistry anxiety, chemistry attitudes, and self-efficacy: a structural 
equation model. Journal of Baltic Science Education, 11(4), 347-356. 
Lent, R., Brown, S., & Hackett, G. (1994). Toward a unifying social cognitive theory of 
career and academic interest, choice, and performance. Journal of Vocational 
Behavior, 45(1), 79 – 122. doi:10.1006/jvbe.1994.1027 
 44 
 
Lent, R., Brown, S., & Larkin, K. C. (1984). Relation of self-efficacy expectations to 
academic achievement and persistence. Journal of Counseling Psychology, 31, 
356-362. doi:10.1037/0022-0167.31.3.356 
Lin, J-R. (2007). Responses to anomalous data obtained from repeatable experiments in 
the laboratory. Journal of Research in Science Teaching, 44(3), 506-528. 
doi:10.1002/tea.20125 
Luzzo, D. A., Hasper, P., Albert, K. A., Bibby, M. A., & Martinelli Jr., E. A. (1999). 
Effects of self-efficacy-enhancing interventions on the math/science self-efficacy 
and career interests, goals, and actions of career undecided college students. 
Journal of Counseling Psychology, 46(2), 233-243. doi:10.1037/0022-
0167.46.2.233 
MacIntyre, P. D., & Blackie, R. A. (2012). Action control, motivated strategies, and 
integrative motivation as predictors of language learning affect and the intention 
to continue learning french. System: An International Journal of Educational 
Technology and Applied Linguistics, 40(4), 533-543. 
doi:10.1016/j.system.2012.10.014 
Mahoney, M. (2010). Students' attitudes toward STEM: Development of an instrument 
for high school STEM-based programs. Journal of Technology Studies, 36(1), 24-
34. 
Maltese, A. V., & Tai, R. H. (2011). Pipeline persistence: Examining the association of 
educational experiences with earned degrees in STEM among U.S. 
students. Science Education, 95(5), 877-907. doi:10.1002/sce.20441 
 45 
 
Mau, W. (2003). Factors that influence persistence in science and engineering career 
aspirations. Career Development Quarterly, 51(3), 234-243. 
Mayer, R. (2002). The promise of educational psychology: Volume II. Teaching for 
meaningful learning. Upper Saddle River, NJ: Pearson.  
Nagda, B. A., Gregerman, S. R., Jonides, J., von Hippel, W., & Lerner, J. S. (1998). 
Undergraduate student-faculty research partnerships affect student 
retention. Review of Higher Education, 22(1), 55-72. 
National Center for Education Statistics (2009). Students who study Science, Technology, 
Engineering, and Mathematics (STEM) in postsecondary education (NCES 2009-
161). Washington, DC: U.S Department of Education, Institute for Education 
Sciences. 
 National Science Board. (2010). Science and engineering indicators 2010. Arlington, 
VA: Author. 
National Science Foundation, Education and Human Resources Advisory Committee. 
(1996). Shaping the future: New expectations for undergraduate education in 
science, mathematics, engineering, and technology (NSF Report 96-139). 
Arlington, VA: Author 
National Center for O*NET Development. (n.d.). O*NET Resource Center. Retrieved 
from http://www.onetcenter.org/.  
Pajares, F. (2005). Self-efficacy beliefs during adolescence: Implications for teachers and 
parents. In F. Pajares & T. Urdan (Eds.), Adolescence and education (Vol. 5, pp. 
339-366). Greenwich, CT: Information Age Publishing.  
 46 
 
Powell, C. S. (1989) Three reports on mathematics emphasize reasoning over rote. 
Physics Today, 42, 45. doi: 10.1063/1.2810968 
Pryor, J. H., DeAngelo, L., Palucki Blake, L., Hurtado, S., & Tran, S. (2011). The 
American freshman: National norms fall 2011. Los Angeles: Higher Education 
Research Institute, UCLA. 
Putnam, R. T. & Borko, H. (2000). What do new views of knowledge and thinking have 
to say about research on teacher learning?. Educational Researcher, 29(1), 4-15. 
doi: 10.3102/0013189X029001004  
Salta, K. & Tzougraki, C. (2004). Attitudes toward chemistry among 11
th
 grade students 
in high schools in Greece. Science Education, 88(4), 535-547. 
doi:10.1002/sce.10134 
Seymour, E., & Hewitt, N. M. (1997). Talking about leaving: Why undergraduates leave 
the sciences. Boulder, CO: Westview Press 
Springer, L., Stanne, M. E., & Donovan, S. S. (1999). Effects of small-group learning on 
undergraduates in science, mathematics, engineering, and technology: A meta-
analysis. Review of Educational Research, 69, 21-51. doi: 10.2307/1170643 
Tabachnick, B. G. & Fidell, L. S. (2007). Using multivariate statistics (5
th
 edn). Boston: 
Pearson Education. 
Tinto, V. (1993). Leaving college: Rethinking the causes and cures of student attrition 
(2nd edition). Chicago: The University of Chicago Press. 
United States Government Accountability Office, Testimony before the Committee on 
Education and the Workforce, House of Representatives, Statement of Cornelia 
M. Ashby, Director, Education, Workforce, and Income Security Issues (2006). 
 47 
 
Higher education: Science, technology, engineering, and mathematics trends and 
the role of federal programs (Research Report No. GAO-06-702T). Retrieved 
from http://www.gao.gov/new.items/d06702t.pdf 
Urban Institute. (2005). Final report on the evaluation of the National Science 
Foundation Louis Stokes Alliances for Minority Participation Program. 
Washington, D.C.: Author. 
Uzuntiryaki, E., & Aydin, Y. C. (2009). Development and validation of chemistry self-
efficacy scale for college students. Research in Science Education, 39(4), 539-
551. doi:10.1007/s11165-008-9093-x 
van Aalderen-Smeets, S. I., Walma van der Molen, J. H., & Asma, L. F. (2012). Primary 
teachers' attitudes toward science: A new theoretical framework. Science 
Education, 96(1), 158-182. doi:10.1002/sce.20467 
van Merriënboer, J. G., Kirschner, P. A., & Kester, L. (2003). Taking the load off a 
learner's mind: Instructional design for complex learning. Educational 
Psychologist, 38(1), 5-13. doi:10.1207/S15326985EP3801_2 
Wadsworth, B.L. (2004). Piaget’s theory of cognitive and affective development (5th ed.) 
Boston: Pearson Education. 
Ware, N. C., & Lee, V. E. (1988). Sex differences in choice of college science 
majors. American Educational Research Journal, 25, 593-614. 
doi:10.3102/00028312025004593 
Wheeler, L., & Bell, R. (2012). Open-ended inquiry: Practical ways of implementing 
inquiry in the chemistry classroom. The Science Teacher, 79(6), 32-39. 
 48 
 
Wilson, Z. S., Holmes, L., deGravelles, K., Sylvain, M. R., Batiste, L., Johnson, M., 
McGuire, S. Y., Seng Pang, S. & Warner, I. M. (2012). Hierarchical mentoring: A 
transformative strategy for improving diversity and retention in undergraduate 
STEM disciplines. Journal of Science Education and Technology, 21(1), 148-156. 
doi:10.1007/s10956-011-9292-5 
WKU Office of Institutional Research. (2012). Enrollment Report. Retrieved from 
http://www.wku.edu/instres/documents/2012_quick_facts.pdf 
Wood, M. E., & Associates. (2008-09). Science, Technology, Engineering and 
Mathematics (STEM): How bad is the crisis in STEM education-and what can we 
do?. Retrieved from http://www.trsef.org/wordpress/wp-content/uploads/pdw-
stem-crisis.pdf 
Xu, X., & Lewis, J. R. (2011). Refinement of a chemistry attitude measure for college 
students. Journal of Chemical Education, 88(5), 561-568. doi:10.1021/ed900071q 
Zacharia, Z., & Barton, A. (2004). Urban middle-school students’ attitudes toward a 
defined science. Science Education, 88(2), 197-222. doi:10.1002/sce.10110 
Zimmerman, B. J. (1995). Self-efficacy and educational development. In A. Bandura 
(Ed.), Self-efficacy in changing societies (pp. 202–231). New York: Cambridge 
University Press. 
Zimmerman, B. J. & Schunk, D. H. (Eds.). (2001). Self-regulated learning and academic 
achievement: Theoretical perspectives (2
nd
 ed.). Mahwah, NJ: Erlbaum.  
Zusho, A., Pintrich, P. R., & Coppola, B. (2003). Skill and will: The role of motivation 
and cognition in the learning of college chemistry. International Journal of 
Science Education, 25(9), 1081-1094. doi:10.1080/095006903200005220 
 49 
 
APPENDIX A 
SELF-EFFICACY FOR GENERAL CHEMISTRY (SEGC) SCALE 
INSTRUCTIONS: Please indicate your opinion about each of the questions below by 
marking with a CIRCLE any one of the seven responses in the columns on the right side, 
ranging from (1) “Not at all Confident” to (7) “Very Confident” as each represents a 
degree on the continuum.   
1. How confident are you in your ability to perform measurement conversions? 
2. How confident are you in your ability to perform stoichiometric conversions? 
3. How confident are you in your ability to assign the correct number of significant 
figures to a calculation? 
4. How confident are you in your ability to write a balanced chemical equation for a 
given reaction? 
5. How confident are you in your ability to categorize a reaction (single-
displacement, combination, etc.) based on the reaction’s chemical equation? 
6. How confident are you in your ability to apply Hess’ Law of Formation? 
7. How confident are you in your ability to classify a reaction as endothermic or 
exothermic? 
8. How confident are you in your ability to write a correct electron configuration for 
any given element 
9. How confident are you in your ability to differentiate between ionic and covalent 
bonds? 
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10. How confident are you in your ability to categorize a molecule’s structure based 
on VSEPR theory? 
11. How confident are you in your ability to differentiate between different models of 
atomic structure? 
12. How confident are you in your ability to apply the Ideal Gas Law? 
13. How confident are you in your ability to properly assign nomenclature to ionic, 
covalent, and acidic compounds? 
14. How confident are you in your ability to explain periodic trends? 
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APPENDIX B 
 
 
ATTITUDE TOWARD CHEMISTRY LESSONS SCALE (ATCLS) (Cheung, 2009b) 
 
 
INSTRUCTIONS: Please indicate your opinion about each of the questions below by 
marking with a CIRCLE any one of the seven responses in the columns on the right side, 
ranging from (1) “Strongly Disagree” to (7) “Strongly Agree” as each represents a degree 
on the continuum.   
1.  I like chemistry more than any other school subjects. 
2.  Chemistry lessons are interesting. 
3.  Chemistry is useful for solving everyday problems. 
4.  Chemistry is one of my favorite subjects. 
5.  I am willing to spend more time on reading chemistry books. 
6.  I like to do chemistry experiments. 
7.  When I am working in the chemistry lab, I feel I am doing something important.  
8.  People must understand chemistry because it affects their lives.  
9.  I like trying to solve new problems in chemistry. 
10. Doing chemistry experiments in school is fun. 
11. Chemistry is one of the most important subjects for people to study. 
12. If I had a chance, I would do a project in chemistry.  
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APPENDIX C 
 
 
GENERAL CHEMISTRY INTENTIONS (GCI) SCALE 
 
  
INSTRUCTIONS: Please indicate your opinion about each of the questions below by 
marking with a CIRCLE any one of the seven responses in the columns on the right side, 
ranging from (1) “Not true at all for me” to (7) “Completely true for me” as each 
represents a degree on the continuum.   
1. I intend to enroll in a chemistry course next semester  
2. I do not intend to enroll in a chemistry class within the next year 
3. I intend to enroll in a chemistry course before the end of my college career 
4. I intend to NEVER enroll in a chemistry course in the future 
5. I do not intend to enroll a chemistry course unless I have to 
6. I intend to enroll in a chemistry course within the next year 
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APPENDIX D 
 
 
RESEARCH PARTICIPANT CONSENT FORM 
 
